In the operating room, time is extremely precious, and the speed of one's data acquisition system often determines whether the data will be taken or not. Our multichannel robotic platform addresses this issue by optimizing source and detector scanning procedures. Up to 16 fibers can be moved independently with resolution of 0.05 mm and speed of 50 mm/s using motors with position feedback. The initial fiber alignment employs a light beam/optical detector system for identical positioning of all motors. Peak and edge detection algorithms, for point and linear sources, are used with multiple fibers simultaneously for fast realignment of sources and detectors. The robotic platform is used to perform Diffuse Optical Tomography (DOT) measurements in solid prostate phantoms with both homogenous and inhomogeneous Optical Properties (OP). Correct positioning is critical for the accurate recovery of the OP. The light fluence rate distribution is determined by scanning multiple detector fibers simultaneously along lit linear sources placed throughout the phantom volume inside catheter needles. The scanning time for the entire DOT is about 10 seconds after the initial alignment. The OP distribution reconstruction is based on the steady-state light diffusion equation. The inverse interstitial DOT problem is solved using NIRFAST. The optical properties are recovered by iterative minimization of the difference between measured and calculated light fluence rates. Recovered OP agree with the actual values within 10%. The OP corrections are used to significantly improve light fluence accuracy for the entire volume of bulk tumor.
INTRODUCTION
Photodynamic therapy (PDT) is a treatment modality for localized diseases, most notably cancer. The treatment light, usually from a visible or near-IR laser source, excites a photosensitizer administered to a patient prior to PDT treatment, and photosensitizer interacts with ground state oxygen ( 3 O2) to generate a cytotoxic molecule: singlet oxygen ( 1 O2). The singlet oxygen then destroys nearby cells 1 
.
During the interstitial PDT, the source and detector fibers are inserted into catheters placed inside a prostate using a template. The target volume must receive the prescribed amount of light fluence. The robotic platform, being a second generation clinical scanner [2] [3] , allows fast delivery of a uniform PDT light dose through optimized source positioning and continuous dosimetry during treatment.
Optical properties of tissues (absorption and scattering) play a major role in light fluence distribution. That, in turn, determines the treatment dose delivered to each point, and, therefore, treatment efficacy. The OP values depend on the patient and the site, and their distributions must be measured swiftly and dependably in clinical treatment. Since the source and detector fibers move in a coordinated fashion when robotic platform is utilized, the entire measurement set can be done in a fraction of a minute 4 .
The solution to the inverse diffuse optical tomography (DOT) is based on diffusion equation and utilizes adjoint model. The DOT reconstruction algorithms [5] [6] for the OP calculations are using NIRFAST code [7] [8] customized for the interstitial case.
The spatial distributions of absorption and reduced scattering coefficients in tissue-mimicking phantoms were determined based on the light fluence distribution produced by linear source fibers spaced uniformly throughout the phantom volume. 
METHODS AND MATERIALS

Multichannel robotic platform
The robotic multichannel platform 3,9 developed in our lab has 16 independently operating channels, each equipped with encoder feedback and interchangeable fiber holder (Fig. 1) . Positioning resolution is 0.05 mm, effective travel range is 200 mm, and maximum speed is 50 mm/s. An optical diode and receiver system allow automatic home position alignment. 
Phantoms
Phantoms used in our experiments were designed to imitate typical optical properties of tissues. Solid PVC inclusions 10 were used to introduce inhomogeneities in the uniform liquid phantom (Fig. 3) . The optical properties of the phantoms are summarized in Table 1 . The first phantom is liquid without any inclusions, and the second one has two inhomogeneities. 
DOT algorithm
Diffuse optical tomography was used to determine spatial distribution of absorption and reduced scattering coefficients from the fluence rate distribution produced by linear source fibers. NIRFAST freeware has been used to solve the inverse problem for the interstitial DOT, which is based on the steady-state light diffusion equation:
where µa is absorption coefficient, D is diffusion coefficient, Φ is the photon fluence rate, and S is an isotropic source term. In Finite Element Formalism (FEM), fluence Φ is represented by a piecewise continuous polynomial function 7 . The inverse problem is concerned with recovery of optical properties at each FEM node within the domain using measurements of light fluence. It is achieved by iterative minimization of the difference between measured and calculated light fluence. The first iteration calculates light fluence based on the initial OP values, while consequent steps employ Jacobian matrix calculated via adjoined method [7] [8] :
RESULTS AND DISCUSSION
Total light fluence
The total light fluence rates at detector positions for a homogeneous and inhomogeneous phantom are shown in Fig. 4 .
The difference is most drastic for detector points inside inhomogeneities, where fluence rate is decreased by roughly an order of magnitude. Since achieving prescribed PDT dose within entire treatment volume is critical for the efficacy of 
Phantom optical properties
A mesh generated for the phantom inverse DOT is shown in Fig. 5 . It includes different OP settings for "normal tissue" and heterogeneities, as well as source and detector locations. The distribution of optical properties through the center of inhomogeneities in two different planes is shown in Figs. 6 and 7 . The values of absorption coefficient are reconstructed accurately within 10%. 
CONCLUSION
The robotic multichannel platform is faster than dual motor system (less than 1s for a single OP scan), has home location accuracy within 0.1 mm, and repeated measurements agree within 0.3%. The optical properties measurements agree with dual motor data within uncertainty 9 .
The ability to separate absorption and scattering coefficients depends on the accuracy of the light fluence source measurement. We have observed the difference between initial and reconstructed fluence rates to be within 10%. DOT allows reliable recovery of the absorption coefficients.
